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Abstract
This work presents numerical and experimental re-
sults of plasmonic Metal-Insulator optical nano-
cavities. The systems are composed of Silver
as metal, polyvinylpyrrolidone or indium tin ox-
ide or zinc oxide as insulator. The proposed
nano-cavities exhibit extraordinary effects as col-
ors changing in function of the incident/view an-
gles, enhancement of the experimental real and
imaginary parts of the pseudo dielectric constant,
an extraordinary transmission of 50% and zero
reflection for both polarizations at the resonant
wavelengths. These results lead to the formation
and propagation of surface plasmon polaritons and
their hybridization in gap surface plasmons. The
concurrence of these effects allow studying the
Goos-Hänchen shift by exploiting the very nar-
row ∆ and Ψ ellipsometer parameters. Thank to
their optical properties, the proposed nano-cavities
could be applied in several fields such tunable
color filters, optics, photonics and sensing.
Keywords
ENZ, Ellipsometry, Optical nano-cavity, Plasmon-
ics, sensing
Introduction
Nanotechnologies based on plasmonic and pho-
tonics effects, thanks to the interaction between
light and matter at the nanoscale, are involved
in several applied field as enhanced Raman spec-
troscopy, bio-sensing, transistor [1–6]. Furthermore,
the light propagation into nano-guided system
could be exploited for the fabrication of subwave-
length optics and nano-optical devices [7–9]. A Po-
lariton is an electromagnetic wave coupled to a
polarization excitation in matter [10–12]. When this
coupled excitation occurs at the interface between
two media, it is called a surface polariton [13]. The
latter is an evanescent electromagnetic wave that
propagates along the interface with amplitude de-
caying exponentially into the two media. When
one of the media is a metal and the other a dielec-
tric, the propagating waves are referred as surface
plasmon polaritons (SPPs) . Since the discovery of
the SPPs, the plasmon resonance at small gaps in
metallic subwavelength structures has attracted in-
terest in terms of spectroscopy behavior. An open
research field, in particular, is represented by sys-
tems composed of Metal/Insulator/Metal (MIM)
that are of scientific interest because of the dielec-
tric singularities that appear in the anisotropic per-
mittivity due to εNZ (NZ stands for near zero) con-
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ditions [14–16]. When the dielectric layer is thicker
(hundreds of nanometers) than the metal layers
(tens of nanometers), the system behaves as a
nano-optical cavity. These systems allow efficient
concentration and confinement of electromagnetic
energy and can be used for numerous applica-
tions as light emission and detection [17], photo-
voltaic [18–20], Bragg reflector [21,22], plasmonic de-
vices [23,24], for optics and the related applica-
tions [22,25,26], telecommunications [24,27], and oth-
ers [28–30]. Under a physical point of view, when
metal/insulator and insulator/metal interfaces are
close to each other, the dispersion curve of the
single interface splits into high and low energy
modes. [31] This gives the possibility to excite the
surface plasmon by a free space wave without mo-
mentum matching simply by perpendicular inci-
dence to the bare metallic end-face of the MIM [32].
At the interfaces of the MIM, spontaneous sur-
face plasmon polaritons (SPPs) arise whose elec-
tric field overlaps within the insulator layer. How-
ever, in the MIM system due to the matching of the
field symmetry, only the low energy mode is ex-
cited (using a p-polarized electromagnetic wave).
In case of a MIMI system, it is instead possible to
excite both low and high (guided) energy modes,
respectively with p- and s-polarized light. [33–35].
In presence of the hybridization of the SPPs ex-
cited at the two metal interface and decayed in
the thick dielectric layer, it has been numerically
and experimentally demonstrated the formation of
gap surface plasmons (GSPs) that are related to
high energy modes [31,36–39]. Although several stud-
ies of GSPs are reported in literature, the prob-
lem of reproducible fabrication of small nanomet-
ric gaps persists. In this manuscript, an easy way
is proposed to design and fabricate large-area plas-
monic cavity resonator in which a dielectric layer
of a few hundred nanometers is employed as a gap
between the metal layers. The proposed nano-
cavity has been designed using numerical ellip-
someter analysis (NEA), which is able to fit the
ellipsometer spectroscopic measurements retriev-
ing optical constant of materials [40]. In order to
fabricate the real nano-cavities, silver (Ag) is ex-
ploited as the metal and, for the insulator, three dif-
ferent materials are considered (polyvinylpyrroli-
done (PVP), indium tin oxide (ITO) and zinc ox-
ide (ZnO)). The ellipsometric characterization of
the proposed systems reveals very interesting opti-
cal features such as extraordinary transmittance [41]
and 0% reflectance for both exciting polarizations
(p and s). Furthermore, the ellipsometric pa-
rameters Ψ and ∆ are measured. These are re-
lated to the reflectance ratio ρ = tan(Ψ)e−i∆,
that includes the amplitude component, calcu-
lated as Ψ = arctan(rp/rs) with rp(s) being the
Re
{√
Rp(s)
}
, and the phase difference evaluated
as ∆ = φp − φs [40]. In presence of the plasmonic
resonance, due to the SPPs and GSPs formation,
these parameters show a particular sigmoidal be-
havior leading to the enhancement of the real and
imaginary part of the pseudo dielectric constant.
The constant is calculated as < ε˜ >=< ε1 >
−i < ε2 >= sin2θinc[1 − tan2θinc(1−ρ1+ρ)2] [42],
where θinc is the incident angle. Due to the pres-
ence of ρ in the previous expression, < ε˜ >
is directly related to Ψ and ∆. Under specific
conditions, < ε2 > can reveal a gain behavior
of the system reaching very high absolute values
(500) for the MIMI system with ZnO as insula-
tor. Due to their plasmonic behavior, the fabri-
cated nano-cavities present a macroscopic optical
effect characterized by different colors when inci-
dent light and viewing angles are tuned [43–47]. Fi-
nally, behavior of ∆ and Ψ evidence the presence
of a spontaneous Goos-Hänchen shift effect [48–50].
This effect is observed as a small lateral shift be-
tween the p and s directions of linearly polar-
ized light undergoing total internal reflection. The
counterpart of this effect for circular and ellipti-
cal polarization is the Imbert-Fedorov effect [51].
The Goos-Hänchen effect arises when both waves
are reflected from the surface and undergo dif-
ferent phase shifts, that lead to the lateral shift
of the probe beam. As demonstrated in previous
works [52,53], the phase shift appears when reso-
nant modes are induced within an optical dielec-
tric cavity, as in the proposed MIMI. In fact, in
presence of a multi-layered systems ending with
a dielectric layer, as in case of a Bragg reflec-
tor or a dielectric mirror, it is possible to evalu-
ate the Goos-Hänchen shift at the resonant wave-
length as ∆s/p(θinc) = 2t1tan(θinc). In the previ-
ous, t1 is the thickness of first dielectric layer in
the MIMI configuration. The proposed systems,
exhibiting this effect, can be involved in a wide
scenario of scientific research such as nanopho-
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tonics applications [49], sensitive detection of bio-
logical molecules [54–56], or for the phenomenolog-
ical study of the lateral reflection for both polar-
izations [57].
Results and discussion
Extraordinary transmission in poly-
meric MIM
In order to fully investigate, both numerically and
experimentally, the extraordinary features of the
fabricated nano-cavities, see methods for informa-
tion about the fabrication, we first considered a
silver layer with thickness of 40nm deposited on
glass substrate. As expected, the transmittance
presents a peak only in the UV range at around
330nm with a maximum of the 30%, while the
other wavelengths (solid lines with symbol) are re-
flected. The experimental results agree very well
with the numerical one (solid lines) [40] as reported
in Fig. 1a. Then, the Ag thickness has been di-
vided in two parallel layer of 20nm each, plac-
ing between them a PVP layer of 380nm. A MIM
nano-cavity Ag/PVP/Ag has been created which
presents an interesting optical behavior. In fact,
in Fig. 1b it is possible to recognize a three main
peaks/dips in transmittance/reflectance at specific
resonant wavelengths namely in this case at blue,
green and red. Moreover, when the MIM is placed
at specific small angles it appears transparent -
bottom-left of Fig. 1c- while at higher angles it
appears colored both in reflection or transmission,
as shown in the other sub-pictures of Fig. 1c. This
angle sensitive could arise from the plasmonic na-
ture at the resonant wavelength due to the mul-
tiple SPPs and GSPs formation at the two metal
surfaces and inside the PVP layer, respectively,
as explained in the previous paragraph. The el-
lipsometer parameters Ψ and ∆, reported in the
supplementary figure S1, confirm that the fabri-
cate Ag/PVP/Ag MIM is, also, extremely sensi-
ble to the polarization (p or s-pol) of the incident
wave. These parameters show a giant enhanced
Goos-Hänchen shifts [58]. Even if the fabrication
process of the MIM can lead to some inhomegen-
ities, the agreement between numerical and exper-
imental results is quite satisfactory.
Figure 1: a) Numerical and experimental re-
flectance (p-pol) at 50◦ and transmittance at 0◦ of
a silver with thickness of 40nm. The insets report
a schematic view of the fabricated system with the
thickness of each layer and a real picture where the
incident light is completely reflected. b) Numeri-
cal and experimental reflectance (p-pol) at 50◦ and
transmittance at 0◦ of MIM nano cavity composed
of Ag/PVP/Ag. The insets report a schematic view
of the fabricated system with the thickness of each
layer. c) Pictures showing colors dependence on
the incident/view angles.
Using polymer as insulator in MIM systems give
the opportunity to create very thick insulator layer
(hundreds of nanometers), hence many peaks/dips
are present in the visible range according to the
relation dispersion of a MIM, as shown in Fig 1b.
However the PVP layer can be damaged during the
second Ag layer sputtering deposition. In order
to realize systems more stable than the PVP one,
we numerically designed and experimentally fab-
ricated nano-cavities using two solid dielectrics:
ITO and ZnO.
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ITO MIMI characterization
During the numerical designs and the experimen-
tal investigation, it has been observed a substan-
tial difference between a classical MIM and a
new MIMI metamaterial configuration. The latter
presents an accentuate sigmoidal shape in Ψ and ∆
enabling the related study of the plasmonic excita-
tion effects and the Goos-Hänchen shift, while the
MIM does not present this feature. The compar-
ison between numerical reflectances for both po-
larizations, Ψ, and ∆ parameters for a MIM and
MIMI is shown in Fig. S2. The first realized
Ag/ITO/Ag/ITO MIMI is composed of ITO lay-
ers of thickness t1 = 65nm and t2 = 20nm, re-
spectively (see inset of Fig. 2a). The experimen-
tal measurements show transmittance of 50% at 0◦
at the resonance wavelength of λ = 500nm, see
Fig. 2a. On the other hand, the reflectance (p-
polarization) at 50◦, 60◦ and 70◦ is almost zero
around the resonance wavelength λ = 480nm.
The MIMI reflectance under s-polarization, re-
ported in Fig.S3a, shows two dips close to the
same resonant wavelength of p-pol leading to the
particular feature in Ψ and ∆ parameters shown
in Fig. 2b, c. In fact, Ψ and ∆ present a dras-
tic change in their curves with an accentuate sig-
moidal shape at λ = 480nm, enhanced for this
particular MIMI at 70◦ see Fig. 2b,c (blue curve).
Hence, the Ψ and ∆ parameters highlight the pres-
ence of plasmonic excitation for high and low en-
ergy modes at the resonant wavelength especially
if the system is impinged from an electromagnetic
wave with an incident angle of 70◦. For the sec-
ond realized Ag/ITO/Ag/ITO MIMI, the first ITO
layer is increased to a thickness t1 = 85nm (see
inset of Fig. 2d) while the thickness of the other
layer remains unchanged. The increase of the ITO
layer of only 20nm leads to the shift of 50nm of
the resonant wavelengths, where the main trans-
mitted peak is now at λ = 550nm with again
a value of almost 50%, the reflectance dips (p-
polarization) at 50◦, 60◦ and 70◦ is almost zero
around the resonance wavelength λ = 532nm, see
Fig. 2d. The reflectance for s-pol is reported in
Fig S4a. The parameters Ψ and ∆ for this thicker
ITO layer (t1 = 85nm) exhibit the same behav-
ior of the thinner one -see Figs. 2e,f- namely for
an incident angle of 70◦ ∆ presents a sigmoidal
shape with an high amplitude. This feature can
be exploited in a future applications related to the
Goss-Hanchen shift [55,56]. Hence, it is possible to
tune easily the resonant wavelengths without af-
fecting the performance of the system. In order to
support the experimental results the reflectances (p
and s-pol), transmittance,Ψ and ∆ have been nu-
merically evaluated and reported in Fig S2b,c and
S3b,c.
Figure 2: a) Reflectances (p-pol), and transmit-
tance at different incident angles for the MIMI
(Ag/ITO/Ag/ITO) made by the ITO layer t1 =
65nm, the inset reports a schematic view of the
whole fabricated system with the related thickness
of each layer. b,c) Ψ and ∆ for that plasmonic
nano-cavity. d) Reflectances (p-pol), and trans-
mittance at different incident angles for the MIMI
composed of the ITO layer of t1 = 85nm, the
inset shows the whole fabricated system with the
new layers thickness. d,e) Ψ and ∆ for the second
MIMI.
A further investigation has been done using
COMSOL Multiphysics, indeed, it has been stud-
ied how the electromagnetic field (E) interacts
with the entire system producing the coupled plas-
mons. Fig 3 shows the E, at resonance (λ =
480nm) and out of resonance (λ = 700nm), for
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the MIMI realized with the ITO layer of 65nm. In
particular, it is possible to observe that most part
of the E is confined in the nano-cavity dielectric
layer exciting a single (high or low energy) mode
while the remaining part of E passes through the
system, see Fig 3a, b. It has been highlighted that
for p-pol the main low energy mode is generated
from the SPPs hybridization that decays inside the
dielectric cavity, while the s-pol wave excites high
energy mode (GSP). Instead, out of the resonance
condition the electromagnetic field is totally re-
flected with no interaction with the thicker ITO
layer, see Fig 3c, d. The electric field maps related
to the second fabricated MIMI (ITO t1 = 85nm)
are illustrated in the supplementary information in
figure S5.
Figure 3: Electric field maps for the MIMI
composed of Ag/ITO/Ag/ITO with thicknesses of
20/65/20/20nm respectively. a , b) at the res-
onant wavelength of λ = 480nm for p and s-
polarization where the resonant mode inside the
ITO nano-cavity is shown. c, d) Out of resonance
at λ = 700nm for both polarizations.
The described plasmonic coupling between the
incident wave and the system is the main feature
of the proposed nano-cavities. In order to investi-
gation how this effect is strongly related to differ-
ent color changing as function of the incident/view
angles, experimental measurements of the real and
imaginary part of the pseudo dielectric constants
has been done. These quantities are identified in
the following as < ε1 > and < ε2 >. Fig 4a,b
show the pictures of the two MIMI with the ITO
t1 = 65nm and t1 = 85nm, respectively. The
first one shows different colors when it is observed
at different angles, how it is shown in bottom and
upper-right pictures of Fig. 4a. Instead, at small
angles the system permits to see through it a blue
color while the reflected light appears gold, see
upper-left picture of Fig. 4a. Then, we focused
our attention on < ε2 > for understanding the
gain and loss optical behavior, related to the GSP
and SPP formation, respectively. The experimen-
tal results present an high and low energy mode
excited at the resonant wavelength (λ = 480nm)
for incident angle of 70◦, while excited modes (the
value is less than the first ones) for each measured
incident angles is observed at λ = 327nm rep-
resenting the Ferrel-Berreman mode of Silver [59],
see Fig4b. The second MIMI present different col-
ors passing from the green to the purple due to
the increased thickness as illustrated in bottom and
upper-right pictures of Fig. 4c. At small angles,
now, the system allows seeing through it with a
green color while the reflected light appears pur-
ple, see upper-left picture of Fig. 4c. The ex-
perimental < ε2 >, reported in Fig. 4d, confirm
this optical behavior due to the presence again of
an high and low energy mode around the resonant
wavelength (λ = 532nm) for incident angle of
70◦, while a moderate second excited mode is ob-
served at λ = 380nm for each measured incident
angles. Moreover, the Ferrel-Berreman mode is
still present. Therefore, these measurements could
be used to recognize in a fast and effective way the
excitation of a GSP as a gain and of the SPP as
a loss in < ε2 >. In fact, the < ε2 > measure-
ments are largely used to explain the presence of
gain or loss effects in plasmonic materials [60–66].
In the present case, this has been used to trace
the gain/loss condition of the MIMI (related to the
high/low modes) in presence of a s- or p-polarized
excitation respetively.
ZnO MIMI characterization
Successively, in order to enhance the performance
of the plasmonic MIMI nano-cavities,the ZnO has
been used as dielectric instead of ITO. More-
over, ZnO in nano-science is largely used thanks
to its excellent features in photovoltaics [67,68], ex-
treme non linearity application as second har-
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Figure 4: a) The pictures are referred to the MIMI
nano-cavity with the ITO thickness equal to 65nm.
The color of the MIMI passes from blue to gold
when observed in transmission or in reflection, re-
spectively. b) The graph reports the < ε2 > at
three different incident angles while the inset de-
picts the < ε1 >.c) The pictures are referred to
the second fabricated MIMI (ITO t1 = 85nm).
The nano-cavity color passes from green to purple
when it is observed in transmission or in reflec-
tion, respectively. d) The graph shows the < ε2 >
at three different incident angles, while the inset
shows the < ε1 > behavior.
monic generation [69,70], photocatalysis [71,72], just
to name a few. The nano-cavity is composed of
Ag/ZnO/Ag/ZnO and the dielectric layers have the
following thickness t1 = 83nm and t2 = 20nm,
see the inset in Fig. 5. The proposed MIMI
presents the same optical properties of the previ-
ous one: experimentally measured transmittance
reaching the 55% at the resonant λ = 530nm,
and 0% reflectance at around (λ = 520nm), see
Fig. 5a . As for the systems with ITO, the GSP
and SPP arised inside the ZnO MIMI with the s-
polarized reflectance (Rs) presenting a dip close to
0% at the resonance wavelength (λ = 530nm), see
Fig. S6a. These features (Rp and Rs = 0%) allow
measuring a very sharp Ψ and ∆, as illustrated in
Figs. 5b, c; paving the way to exploit the enhanced
Goos-Hänchen shift for sensing applications. This
nano-cavity MIMI, due to the accentuate behavior
of Ψ and ∆ at each incident angles, presents a re-
markable angle color change passing from green
color to some shades of purple. In comparison to
the ITO MIMIs, the resonance of this system al-
lows transmitting the green component of the light,
while the other produce a purple reflection, as it is
visible in the pictures of Fig. 5d. This ZnO system
works better as filtering component at the resonant
wavelength due to the less influence of the Ferrel-
Berreman mode. The measured enhanced pseudo
< ε2 >= |500| at λ = 530nm for the incident an-
gle 50◦ correspond to main excited cavity modes
(the high and low energy), see Fig. 5e. Moreover,
at the other incident angles (60◦, 70◦) gain reso-
nant mode are still present confirmed by the mea-
sured sigmoidal shape of ∆ parameter. The color
change as a function of the incident/view angles is
video recorded and available in the supplementary
information. All the measured optical properties
agree very well with the numerical simulations,
which are reported in Figs. S6b,c. The electric
field maps at and out of resonance wavelength for
that ZnO MIMI has been numerically illustrated in
Fig. S7.
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Figure 5: a) Reflectances (p-pol), and transmit-
tance at different incident angles for the MIMI
composed of Ag/ZnO/Ag/ZnO with the ZnO layer
of t1 = 83nm and t2 = 20nm, respectively. b,c) Ψ
and ∆ curves for the fabricated nano-cavity, the in-
set reports a schematic view of the MIMI with the
related thickness of each layer. d) Pictures referred
to Ag/ZnO/Ag/ZnO system taken at different in-
cident/view angles. e) < ε2 > at three different
incident angles, while the inset shows the < ε1 >
curve.
The proposed systems allow realizing sub-
wavelength plasmonic cavities without the use
of complicate or nano-momentum matching struc-
tures. They can be exploited for future appli-
cations as sensors, especially considering the
giant enhanced Goos-Hänchen shift and its ef-
fects [56,73,74], photovoltaics layers, plasmonic color
filter for CMOS sensors [75], plasmonic for multi-
ple uses [76], active nano-optics [77–81]. They can
also be exploited for the future physical security
systems, for example it is possible to use the Ψ
or ∆ optical response (or the pseudo dielectric
constats due to the sharp curves) as a fingerprint
for unclonable and anti-counterfeiting applica-
tions. [82–84].
Conclusions
In this experimental and numerical work, we have
presented a comprehensive study of different op-
tical metal/insulator nano-cavities. The systems
show particular optical features such as zero re-
flectances, extraordinary transmittance, sigmoidal
behavior of the parameters Ψ and ∆, and the giant
enhanced real and imaginary part of the pseudo di-
electric constants < ε1 > and < ε2 > at the reso-
nant wavelengths. The MIMI configuration due to
the double interface metal-insulator the dispersion
curve exhibit high and low-energy modes which
can be excited in free space without momentum
matching. Hence, all the optical properties pos-
sesses by the proposed MIMI nano-cavities sys-
tems allow using them as sensors due to the giant
enhanced Goos-Hänchen shift. Furthermore, the
color changing behavior could be exploited for fil-
tering, physical security systems, and photonics.
Materials and Methods
Samples fabrication Fabrication began deposit-
ing silver on glass by using DC sputtering (power
30W and argon pressure of 4.5x10−2mbar ), see
the inset of Fig. 1a. Then, for the Ag/PVP/Ag
nano-cavities, on the first Ag layer of 20nm the
PVP 5% wt. in ethanol is deposited by spin-
coating (3000 rpm) resulting in a layer of 380nm
measured by atomic force microscopy. Finally,
the fabrication of the system is completed deposit-
ing silver (20nm) on top of PVP. A schematic
view is reported in the inset of Fig. 1b. For the
MIMIs composed of Ag/ITO/Ag/ITO the PVP is
replaced with a thin layer of ITO deposited by
DC sputtering (power 40W and argon pressure of
4.5x10−2mbar). The thickness of each layer of
nano-cavity systems is reported in the inset of Fig.
2. The last MIMI is realized with ZnO instead of
ITO.
Characterization The fabricated systems is char-
acterized using a Wase-M2000 Woolam Ellip-
someter from 300nm to 900nm with a resolution
of 1.5nm in both p and s-polarization with inci-
dent angles: 50◦, 60◦, 70◦. The experimental data
is plotted with a skip point of 7. The measure-
ments are fitted with a property software. In order
to extracted optical constants of the used materi-
als and systems, for each deposition, a reference
sample is fabricated and analyzed (single layer of
each material).
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Numerical simulations The simulations are per-
formed using Numerical Ellipsometer Analy-
sis (NEA) implemented in commercial software
COMSOL Multiphysics, see ref [39] for details.
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Abstract
This work presents numerical and experimental results of plasmonic Metal-Insulator-Metal-
Insulator nano-cavities with high gain effect. We use Silver as metal and polyvinylpyrrolidone
or indium tin oxide or zinc oxide as insulator. The proposed systems exhibit extraordinary ef-
fects as colors changing in function of the incident/view angles and a giant enhancement of the
experimental real and imaginary parts of the pseudo dielectric constant, a transmission of 50%
and zero reflection for both polarizations at the resonant wavelengths. These results confirm
the formation of surface plasmon polaritons and their hybridization in gap surface plasmons.
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The concurrence of these effects allow the study of the Goos-Hänchen shift by exploiting the
very narrow ∆ and Ψ parameters. Thank to their optical properties, the proposed nano-cavities
could be applied in several fields such tunable color filters, active optics, photonics and sensors.
FigS1a reports experimental and numerical ellipsometer parameters Ψ and ∆ for the silver layer
(t = 40nm), while FigS1b for nano-cavity composed of PVP as insulator.
Figure S1: a) Experimental (Exp.) and numerical (NEA) Ψ and ∆ of the silver layer (t = 40nm).
b) Experimental (Exp.) and numerical (NEA) Ψ and ∆ of the nano cavity composed of PVP
(t = 380nm).
The Fig S2a,b shows the numerical comparison btween the MIM and MIMI reflectances for the
p and s-pol, Ψ and ∆ respectively. The presence of a s-polarized reflectance reaching 0% for the
MIMI leads to a particular Ψ curve. Indeed, it presents a minimum and maximum corresponding
2
to the s-pol and p-pol, respectively.
Figure S2: a,b) show the numerical reflectances, Ψ and ∆ for the MIM and MIMI.
The Fig S3 shows the experimental reflectance for the s-pol, and the numerical simulations for
the reflectances (both polarizations), transmittance and the ellipsometer parameters for the system
composed of an ITO layer of 65nm.
3
Figure S3: a) Reflectance (s-pol) at different incident angles for the system made by the ITO slab
of 65nm. b,c) Numerical results for reflectances (p and s-pol) and transmittance, Ψ and ∆.
Fig S4 shows the experimental reflectance for the s-pol, and the numerical simulations for
the reflectances (both polarizations), transmittance and the ellipsometer parameters for the system
composed of an ITO layer of 85nm.
4
Figure S4: a) Reflectance (s-pol) at different incident angles for the system made by the ITO slab
of 85nm. b,c) Numerical results for reflectances (p and s-pol) and transmittance, Ψ and ∆.
Fig S5 shows the electric field maps from an incident electromagnetic wave at 50 degree that
impinges on the system composed of a ITO layer of 85nm. We analyzed the system in two main
conditions at and out of the resonance.
5
Figure S5: Electric field maps at and out of the resonance for the system composed of an ITO
layer of 85nm. a, b) Electric filed maps for p and s-polarization at λ = 532nm. c, d) The out of
resonance for both polarization at λ = 700nm.
Fig S6 shows the experimental reflectance for the s-pol, and the numerical simulation about
the reflectance (both polarizations) transmittance and the ellipsometer parameters for a system
composed of a ZnO slab of 83nm.
6
Figure S6: a) Reflectance (s-pol) at different incident angles for the system composed of the ZnO
slab of 83nm. b,c) Numerical results for reflectances (p and s-pol) and transmittance, Ψ and ∆.
Fig S7 shows the electric field maps from an incident electromagnetic wave at 50 degree that
impinges on the system composed of a ZnO layer of 83nm. We analyzed the system in two main
conditions at and out of the resonance.
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Figure S7: Electric field maps at and out of the resonance for the system composed of a ZnO layer
of 83nm. a , b) The electric filed maps for p and s-polarization at λ = 530nm. c, d) The out of
resonance for both polarization at λ = 700nm.
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